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Abstract.  In  August  2002,  two  cases  of  hantavirus  pulmonary  syndrome  (HPS)  were  confirmed  in  Mineros  and 
Concepcion,  within  the  Santa  Cruz  Department  of  Bolivia.  Extensive  alteration  of  the  native  ecosystem,  from  dense 
forest  to  pasture  or  sugarcane,  had  occurred  in  both  regions.  An  ecologic  assessment  of  reservoir  species  associated  with 
the  human  disease  identified  a  single  hantavirus  antibody-positive  Oligoryzomys  microtis  from  Mineros  and  three 
hantavirus  antibody-positive  Calomys  callosus  from  Concepcion.  In  Mineros,  the  virus  from  the  O.  microtis  was  90% 
similar  to  sequences  published  for  Rio  Mamore  virus.  Viral  nucleotide  sequences  from  two  C.  callosus  were  87-88% 
similar  to  the  sequence  of  Laguna  Negra  virus.  The  viral  sequence  from  the  C.  callosus  was  99%  identical  to  viral 
sequences  obtained  from  the  HPS  patient  in  this  area,  implicating  C.  callosus  as  the  host  and  Laguna  Negra  virus  as  the 
agent  responsible  for  the  HPS  case  near  Concepcion. 


INTRODUCTION 

Sin  Nombre  virus,  a  New  World  hantavirus,  was  the  caus¬ 
ative  agent  for  an  outbreak  of  severe  respiratory  illness  with 
a  case  fatality  initially  exceeding  75%  of  the  cases  in  the 
southwestern  United  States  in  1993.^’^  Subsequent  studies  re¬ 
sulted  in  the  discovery  of  approximately  30  hantaviruses 
throughout  the  Americas.^^  Although  retrospective  surveys 
found  evidence  of  hantaviral  infection  in  South  America  as 
early  as  1985,^  ®  the  first  HPS-associated  hantavirus  for  the 
region  was  discovered  in  1993  in  Brazil,  and  the  first  genetic 
characterization  of  a  South  American  hantavirus  was  re¬ 
ported  in  1996  following  an  outbreak  of  hantavirus  pulmo¬ 
nary  syndrome  (HPS)  in  southwestern  Argentina.®^  Since 
then,  hundreds  of  human  infections  have  been  reported  in 
Argentina,  Brazil,  Chile,  Paraguay,  and  Uruguay,  with  mor¬ 
tality  ranging  from  30%  to  70%.®’®“^^  The  first  hantavirus  in 
Bolivia,  Rio  Mamore  virus  (RIOMV),  was  isolated  from  a 
small-eared  pygmy  rice  rat  {Oligoryzomys  microtis)  trapped 
in  1996.^^’^^  This  virus  has  not  been  associated  with  human 
disease.  In  1997,  Laguna  Negra  virus  (LNV),  hosted  by  the 
small  vesper  mouse  {Calomys  laucha),  was  identified  in  a 
patient  in  Santiago,  Chile  who  had  traveled  extensively  in 
Bolivia  prior  to  the  onset  of  illness. In  2000,  six  HPS  cases 
in  southern  Bolivia  were  linked  to  Bermejo  virus,  the  first 
association  of  HPS  with  this  hantavirus.^® 

In  June  and  July  2002,  two  men  living  or  working  100-250 
km  north  of  Santa  Cruz,  Bolivia  (Figure  1)  developed  an 
illness  compatible  with  HPS;  one  died.  Laboratory  testing 
(serology)  in  Bolivia  showed  that  both  patients  were  infected 
with  a  hantavirus.  The  Bolivian  National  Center  for  Tropical 
Diseases  received  reports  of  at  least  two  additional  suspected 
cases  of  HPS-like  illness  in  the  area.  Herein,  we  report  the 
results  of  an  investigation  to  identify  the  virus  and  the  rodent 
reservoir  associated  with  HPS  in  Santa  Cruz  Department.  We 
also  describe  the  circumstances  surrounding  the  transmission 
of  hantaviruses  to  humans  in  this  region,  the  prevalence  of 
hantavirus  infection  in  rodent  populations  in  the  disease  en¬ 
demic  area,  and  the  habitat  associations  of  host  species.  A 
detailed  description  of  the  epidemiology  of  the  human  cases 


and  results  of  a  concurrent  serosurvey  conducted  in  the  same 
region  will  be  presented  separately. 

MATERIALS  AND  METHODS 

Ecologic  investigation.  From  August  16-21,  2002,  small 
mammals  were  collected  from  four  localities  in  the  Depart¬ 
ment  of  Santa  Cruz,  Bolivia.  Three  collection  sites  (Dina- 
marca.  Universal  Transverse  Mercator  coordinates  (UTM) 
20K  0457277  8113921;  Las  Empalizadas,  20K  0468038 
8107777;  and  La  Patria,  20K  0463980  8106647)  were  near  the 
town  of  Mineros,  approximately  100  km  northeast  of  Santa 
Cruz  de  la  Sierra  (Figure  1).  Four  habitat  types  (forest,  cul¬ 
tivated  sugarcane  fields,  harvested  sugarcane  fields,  and  peri- 
domestic  areas)  were  studied  at  these  sites.  The  fourth 
collection  locality  was  near  the  town  of  Concepcion, 
(20L0603157  8269311),  approximately  250  km  northeast  of 
Santa  Cruz  (Figure  1).  Disturbed  forest  and  peridomestic  en¬ 
vironments  were  sampled  at  the  fourth  location. 

Las  Empalizadas  was  the  abandoned  sugarcane  camp 
where  a  patient  (fatal  case)  worked  for  eight  days  before  his 
illness.  Dinamarca  was  the  relocation  site  for  workers  from 
Las  Empalizadas  after  HPS  was  diagnosed  there.  La  Patria 
was  the  closest  permanent  human  settlement  to  the  previ¬ 
ously  mentioned  sugarcane  camps.  Concepcion,  the  site  of  the 
non-fatal  case,  consisted  of  peridomestic  habitats  (adobe 
houses)  and  dense  forests  punctuated  by  areas  cleared  for 
cattle  pasture.  Processing  of  rodents  followed  standardized 
procedures. Rodent  carcasses  were  fixed  in  10%  formalin 
and  preserved  in  70%  ethanol  for  permanent  storage  in  the 
M.  L.  Bean  Life  Science  Museum  at  Brigham  Young  Univer¬ 
sity  (BYU).  Genbank  accession  numbers  (AY439000- 
AY439002)  were  obtained  for  the  cytochrome  b  (cyt  b)  se¬ 
quences  for  representatives  of  the  hantavirus  antibody¬ 
positive  rodents,  and  BYU  voucher  numbers  were  assigned 
for  all  individuals. 

Rodent  sequencing  and  identification.  Total  genomic  DNA 
was  extracted  from  liver  tissue  preserved  in  95%  ethanol  us¬ 
ing  the  DNeasy  Tissue  Kit  (Qiagen,  Valencia,  CA).  The  prim¬ 
ers  in  Table  1  were  used  to  amplify  and/or  obtain  the  nucle¬ 
otide  sequence  of  the  mitochondrial  cyt  b  gene.^®“^^ 


42 


Report  Documentation  Page 

Form  Approved 

0MB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  0MB  control  number. 

1 .  REPORT  DATE  2.  REPORT  TYPE 

2005  N/A 

3.  DATES  COVERED 

4.  TITLE  AND  SUBTITLE 

HANTAVIRUS  PULMONARY  SYNDROME  IN  CENTRAL  BOLIVIA: 
RELATIONSHIPS  BETWEEN  RESERVOIR  HOSTS,  HABITATS, 

AND  VIRAL  GENOTYPES 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Division  of  Viral  and  Rickettsial  Diseases,  Special  Pathogens  Branch, 
Centers  for  Disease  Control  and  Prevention,  Atlanta,  Georgia 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Naval  Medical  Research  Center  503  Robert  Grant  Avenue  Silver  Spring, 
MD  20910-7500 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release,  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF:  17.  LIMITATION  OF 

18.  NUMBER  19a.  NAME  OF 

a.  REPORT  b.  ABSTRACT  c.  THIS  PAGE  SAR 

unclassified  unclassified  unclassified 

5 

standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


HANTAVIRUS  CASE  INVESTIGATION  IN  CENTRAL  BOLIVIA 


43 


Figure  1.  Map  of  Bolivia  depicting  areas  of  epidemiologic  and 
ecologic/rodent  reservoir  investigations.  The  two  areas  investigated 
were  Mineros  and  Concepcion,  as  indicated  by  the  white  crosses. 


The  cyt  b  gene  was  amplified  using  a  polymerase  chain 
reaction  (PCR)  in  a  master  mixture  containing  1.0  |jlL  of  tem¬ 
plate  DNA  (approximate  concentration  estimated  on  a  2% 
agarose  gel),  4  p,L  of  dNTPs  (1.25  mM),  2  |xL  of  lOx  Taq 
buffer,  0.5  |xL  of  each  primer  (100  |xM),  3  p,L  of  MgCl2  (25 
mM),  14  |jlL  of  distilled  water,  and  0.25  p,L  of  Taq  polymerase 
(5  units/|xL;  Promega  Corp.,  Madison,  WI).  The  following 
thermal  profiles  were  used  for  the  majority  of  the  PCRs:  two 
minutes  at  94°C,  39  cycles  of  one  minute  at  94°C,  one  minute 
at  45°C,  and  one  minute  at  72°C,  plus  five  minutes  at  72°C. 
The  annealing  temperature  was  increased  from  45°C  to  49°C 
for  the  three  primers  designed  specifically  for  this  study 
(Table  1).  Sequences  were  determined  using  an  ABI  570  Ge¬ 
netic  Analyzer  (Applied  Biosystems,  Inc.,  Foster  City,  CA) 
and  edited  and  aligned  using  Sequencher  version  4.1.1  (Gene 
Codes  Corp.,  Ann  Arbor,  MI). 

To  confirm  the  field  identifications  of  the  hantavirus  anti- 
body-positive  rodents,  we  obtained  reference  sequences  from 
GenBank  for  representative  genera  of  sigmodontine  rodents 
and  compared  sequence  data  from  the  cyt  b  gene  of  the  three 
voucher  specimens  analyzed  in  this  study.  Missing  data  were 
coded  as  ?.  Phylogenetic  analyses,  including  maximum  parsi¬ 
mony  (MP)  and  neighbor-joining  (NJ),  were  performed  using 
PAUP*.^^  For  the  maximum  parsimony  analysis  all  charac¬ 
ters  were  weighted  equally,  and  we  performed  a  heuristic 
search  with  100  replicates  of  random  taxon  addition  with  tree 
bisection-reconnection  branch  swapping.  Confidence  in 
nodes  was  assessed  using  the  bootstrap  procedure  with  1,000 
resampling  replicates.  Bootstrap  values  >  70%  were  consid¬ 
ered  well-supported.^^’^'*’^^ 

Extraction  of  viral  RNA,  reverse  transcriptase-PCR  (RT- 
PCR),  and  seqnencing.  Tissues  were  frozen  on  dry  ice  in  the 
field  and  stored  at  -70°C  until  processed.  To  extract  RNA, 
50-100  mg  of  rodent  lung  or  spleen  tissue  was  homogenized 
with  1  mL  of  TRIzol  (Invitrogen  Life  Technologies,  Freder- 


Table  1 

Primer  sequences  used  to  amplify  viral  (S-segment)  and  rodent  mi¬ 
tochondrial  (cytochrome  b)  fragments 


Virus  primers 

Sense  strand  SS143C-N 

Anti-sense  SS743R-N 

Sense  strand  SS283C-N 

Anti-sense  PPT716R 


5'-tgg  a(c/g)c  gig  ATG  AIG 

TTA  ACA  C-3' 

5' -TCI  ATC  CA(G/A)  TC(C/T)  TTI 
ACA  AA-3' 

5'-CCA  ACA  GGG  ITT  GA(A/G) 
CC(T/A)  GAT  GA-3' 

5'-AAI  CCI  ATI  ACI  CCC  AT-3' 


Rodent  cytochrome 
b  primers 

LI47241® 

L14648^^ 

Fpo 

H15915i^ 

H15149^® 

CBH3^2 

U3S-Calomys 

¥n38-Calomys 

HllOS-Calomys 


5'-CGA  AGC  TTG  ATA  TGA  AAA 
ACC  ATC  GTT  G-3' 

5'-TGA  ATY  TGA  GGR  GGC  TTC 
TCA  GTA-3' 

5' -CCC  CAG  CAC  ATA  TTA  A  AC 
CAG  AAT  G-3' 

5 '  TGA  GGA  CAR  ATA  TCH  TTY 
TGR  GG-3' 

5'-AAC  TGC  AGT  CAT  CTC  CGG 
TTT  ACA  AG  A  C-3' 

5'-AAA  CTG  CAG  CCC  CTC  AG  A 
ATG  ATA  TTT  GTC  CTC  A-3' 

5'-GGC  AAA  TAG  GAA  RTA  TCA 
TTC-3' 

5 'CCC  AG  A  TGT  GCT  CGG  AG  A 
CCC-3' 

5'-GGG  TCT  CCG  AGC  ACA  TCT 
GGG-3' 

5'-GGA  TAT  CAT  TCT  CAA  TTA 
TGC  TGG  C-3' 


ick,  MD).  Total  RNA  was  prepared  as  previously  described,^® 
and  the  RT-PCR  was  conducted  using  an  Access  RT-PCR  kit 
(Promega  Corp.)  following  the  manufacturer’s  instructions. 
Briefly,  the  RT  products  were  amplified  using  primers  (Table 
1)  specific  for  the  S  segment  of  the  hantavirus  genome,  and 
hemi-nested  reactions  were  generated  using  1  |jlL  of  first- 
round  product.^"*’^®  Purified  PCR  amplicons  were  sequenced 
directly  with  the  Big  Dye  Sequencing  kit  (Applied  Biosys¬ 
tems,  Inc.)  and  analyzed  on  an  ABI  377  Genetic  Analyzer 
(Applied  Biosystems,  Inc.).  Nucleotide  sequences  were 
aligned  and  analyzed  as  described  in  the  rodent  cyt  b  analy¬ 
ses. 


RESULTS 

Ecologic  investigation  and  rodent  identification.  Rodent 
trapping  results  for  each  site  are  listed  in  Table  2.  Relative 
densities  in  each  habitat  and  trap  site  are  provided  as  trap 
success  (numbers  of  captures  per  100  trap  nights,  where  trap 
nights  is  the  number  of  traps  set  multiplied  by  the  number  of 
nights  set).  It  is  likely  that  some  of  the  currently  recognized 
hantavirus  rodent  host  species  are  composites  of  cryptic  spe¬ 
cies  that  are  difficult  to  identify  morphologically.^®  Therefore, 
field  identifications  of  the  hantavirus  antibody-positive  ro¬ 
dents  were  confirmed  through  phylogenetic  analysis  of  nucle¬ 
otide  sequence  data.  The  entire  cyt  b  gene  (1,143  basepairs) 
was  sequenced  for  BYU  19014  (identified  in  the  field  as  O. 
microtis)  from  the  Dinamarca  site.  This  sequence  was  com¬ 
pared  with  GenBank  cyt  b  sequences  for  18  samples  of  Oli- 
goryzomys  representing  eight  species.  Both  NJ  and  MP  analy- 
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Table  2 

Sites  and  habitats  of  rodent  collections  in  Santa  Cruz  Province,  Bolivia,  August  2002* 


Mineros;  Dinamarca  August  16-17,  2002 


General  habitat 

T 

A  sp 

B  sp 

Cc 

Or  sp 

Olm 

0(i) 

Hs 

TC 

TS 

Peridomestic 

99 

0 

0 

0 

0 

2 

1 

0 

3 

3.0% 

13 

Disturbed  forest 

198 

8 

8 

1 

2 

(1/7.7%) 

4 

1 

37 

18.7% 

Cultivated  sugarcane 

40 

0 

0 

1 

0 

1 

0 

0 

2 

5.0% 

Total 

337 

8 

8 

2 

2 

16 

5 

1 

42 

12.46% 

Mineros;  Las  Empalizadas  August  2002 

General  habitat 

T 

A  sp 

Cc 

TC 

TS 

Cleared  sugarcane 

97 

1 

16 

17 

17.5% 

Cultivated  sugarcane 

80 

5 

4 

9 

11.3% 

Total 

117 

6 

20 

26 

14.69% 

Mineros;  La  Patria  August  17-18,  2002 

General  habitat 

T 

M(m) 

A  sp 

Cc 

Or  sp  Olm 

TC 

TS 

Peridomestic 

226 

0 

1 

1 

0  0 

2 

0.9% 

Disturbed  forest 

200 

1 

0 

13 

1  2 

17 

8.5% 

Total 

426 

1 

1 

14 

1  2 

19 

4.46% 

Concepcion;  August  21-22,  2002 

General  habitat 

TS 

A  sp 

Cc 

Cf 

Or  sp 

Olm 

0(i) 

M(m) 

TC 

TS 

Peridomestic 

110 

0 

6 

0 

5 

6 

0 

0 

17 

15.5% 

37 

Disturbed  forest 

480 

38 

(3/8.1%) 

1 

28 

27 

5 

1 

137 

28.5% 

Total 

590 

38 

43 

1 

33 

33 

5 

1 

154 

26.10% 

*  T  =  number  of  traps  set;  A  sp  =  Akodon  species;  B  sp  =  Bolomys  species;  Cc  =  Calomys  callosus\  Or  sp  =  Oryzomys  species;  Olm  =  Oligoryzomys  microtis;  0(i)  =  Oxymycterus  inca; 
Hs  =  Holochilus  sciureus;  TC  =  total  captures;  TS  =  percent  trap  success;  M(m)  =  Marmosa  murina  (field  indentification);  Cf  =  Calomys  fecundus.  Numbers  in  parentheses  are  the  number 
of  hantavirus-positive  individuals/hantavirus  antibody  prevalence  for  that  species  in  that  habitat. 


ses  associated  BYU  19014  with  O.  microtis  (GenBank  asses- 
sion  no.  U58381).  The  Bootstrap  value  for  this  node  was 
100%.  Cytochrome  b  sequences  were  obtained  for  two 
samples  identified  in  the  field  as  Calomys  callosus  (BYU 
19015  and  19016,  1,130  and  1,143  basepairs,  respectively). 
These  sequences  were  compared  with  those  of  61  samples  of 
Calomys  available  from  GenBank  representing  nine  species. 
Both  NJ  and  MP  analyses  associated  BYU  19015  and  19016 
with  samples  identified  as  C.  callosus  with  95%  nodal  support. 

Viral  RT-PCR  and  DNA  sequencing.  The  nucleotide  se¬ 
quence  generated  from  the  antibody-positive  O.  microtis 
captured  in  Mineros  was  90%  similar  to  those  of  RIOMV 
(GenBank  accession  no.  U52137-39).  Sequencing  of  PCR 
products  from  two  C.  callosus  captured  in  Concepcion  iden¬ 
tified  a  virus  that  was  87-88%  similar  to  published  sequences 
for  LNV.  In  addition,  the  topology  produced  by  the  NJ  analy¬ 
sis  shows  that  the  viral  RNA  amplicons  from  C.  callosus  and 
O.  microtis  each  form  a  monophyletic  cluster  with  sequences 
obtained  from  LNV  and  RIOMV  when  compared  with  se¬ 
quences  from  all  other  hantaviruses  known  from  this  region 
(Figure  2). 

DISCUSSION 

Viral  RNA  sequencing  demonstrated  that  one  case  patient 
was  infected  with  an  LNV-like  virus,  which  implicates  a  mem¬ 
ber  of  the  genus  Calomys  as  the  reservoir.  In  addition,  the 
comparison  of  the  viral  sequences  from  the  case  patient  and 


the  C.  callosus  captured  in  the  same  area  (>  99%  identity) 
links  the  rodent  and  human  viruses.  This  is  congruent  with  the 
recent  collection  of  hantavirus  antibody-positive  C.  callosus 
in  northern  Argentina.^^  Calomys  laucha  is  recognized  as  the 
primary  rodent  reservoir  for  LNV.^"^  It  is  not  common  for  a 
New  World  hantavirus  to  be  hosted  by  multiple  species  of 
rodents.  Spillover  is  unlikely  since  the  Concepcion  study  site 
is  outside  of  the  recognized  range  of  C.  laucha,  and  no  indi¬ 
viduals  of  this  species  were  collected  at  this  location.  It  is 
possible  that  LNV  infected  the  common  ancestor  to  both  C. 
laucha  and  C.  callosus  and  has  remained  associated  with  both 
species  with  minimal  genetic  divergence. 

The  identification  of  O.  microtis  as  the  host  of  the  only 
hantavirus  detected  in  the  Mineros  region  at  the  location  of 
the  human  case  is  consistent  with  the  previous  recognition  of 
this  rodent  as  the  host  of  RIOMV. Unfortunately,  no 
sample  was  available  from  the  fatal  human  case  for  compari¬ 
son  with  the  rodent  virus  sequence.  Given  the  phylogenetic 
similarity  of  the  rodent  virus  amplicon  to  that  of  RIOMV,  the 
geographic  proximity  of  the  captured  RIOMV  PCR-positive 
rodent  to  the  site  where  the  patient  became  ill,  and  the  lack  of 
detection  of  any  other  hantaviruses  in  the  vicinity  of  the  hu¬ 
man  case,  it  appears  possible  that  this  variant  of  RIOMV  may 
be  the  pathogen  responsible  for  the  HPS  case  in  this  region. 
Rio  Mamore  virus  has  not  been  associated  with  human  dis¬ 
ease;  however,  another  South  American  hantavirus  (Bermejo 
virus)  was  shown  to  be  associated  with  human  disease  several 
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and,  in  turn,  an  increased  risk  of  human  disease.^®’^®  In  this 
study,  the  HPS  cases  occurred  in  areas  of  extensive  anthro¬ 
pogenic  perturbation.  Dinamarca  was  at  the  boundary  of 
natural  forest  being  cleared  to  cultivate  sugarcane.  The  study 
site  near  Concepcion  was  adjacent  to  slash  and  burn  defores¬ 
tation.  These  disturbances  decrease  species  diversity  and  sim¬ 
plify  local  ecosystems,  including  the  rodent  assemblages.^°’^^ 
Calomys  and  Oligoryzomys  are  murid  genera  that  contain 
species  that  adapt  well  to  disturbance.  In  this  sense,  the  situ¬ 
ation  in  Santa  Cruz  Department  is  similar  to  that  associated 
with  a  recent  HPS  outbreak  in  Panama  and  suggests  that 
environmental  perturbations  create  conditions  that  favor  han¬ 
tavirus  reservoir  species  and  result  in  increased  risk  for 
HPS.^^  In  Santa  Cruz  Department,  long-term  sampling  of 
these  rodent  populations  could  be  used  to  test  the  hypoth¬ 
esized  relationship  between  decreasing  biodiversity  and  in¬ 
creasing  numbers  of  hantavirus-infected  rodents.  These  stud¬ 
ies  should  include  the  sampling  of  disturbed  and  undisturbed 
habitats  with  comparisons  of  the  species  composition  and 
prevalence  of  hantavirus  infection  in  host  populations. 
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Figure  2.  Neighbor-joining  tree  using  288  basepairs  of  the  N 
gene  from  the  S  segment,  depicting  the  phylogenetic  relationship  of 
hantaviruses  isolated  from  central  Bolivia  compared  with  Genbank 
nucleotide  sequences  from  previously  identified  South  American 
hantavirus  species.  Sin  Nombre  virus  was  used  as  the  outgroup  taxon. 
The  values  with  decimals  represent  the  average  absolute  genetic  di¬ 
vergence  of  the  taxa  united  by  the  indicated  node.  The  whole  number 
values  are  bootstrap  values  (1,000  replicates)  taken  from  a  maximum 
parsimony  tree.  Nodes  without  bootstrap  values  were  collapsed  in  the 
parsimony  analysis. 

years  after  the  host  and  virus  were  described.^®  Alternatively, 
trap  success,  and  therefore  the  number  of  rodents  tested, 
were  much  lower  in  Mineros  than  Concepcion.  It  is  possible 
that  another  hantavirus  circulating  in  the  area  is  responsible 
for  human  disease,  but  was  undetected  by  our  sampling.  Con¬ 
tinued  human  and  rodent  surveillance  are  needed  to  posi¬ 
tively  identify  the  virus  and  host  responsible  for  HPS  near 
Mineros. 

The  potential  for  intermittent  HPS  cases  in  these  regions 
likely  will  continue  due  to  the  presence  of  housing  that  is 
highly  permeable  to  rodents,  and  the  constant  availability  of 
food,  water,  and  shelter  for  wild  rodents  in  the  vicinity  of 
human  habitations.  These  conditions  could  contribute  to  dis¬ 
ease  outbreaks  should  environmental  circumstances  lead  to  a 
sudden  increase  in  reservoir  population  density,  increased 
transmission  of  the  virus  within  the  rodent  population,  or 
higher  levels  of  virus  infection  and  shedding  by  the  host  popu¬ 
lation. 

These  data  were  collected  during  a  case  investigation  to 
identify  high-risk  areas  for  transmission  of  hantaviruses  to 
humans.  Thus,  all  sites  sampled  were  somewhat  disturbed. 
Changes  in  environmental  conditions  can  contribute  to  an 
increase  in  populations  of  some  hantavirus  reservoir  species 
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